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Abstract The purpose of the present study is to analyze the
impact of intraoperative resection control modalities on over-
all survival (OS) and progression-free survival (PFS) follow-
ing gross total resection (GTR) of glioblastoma. We analyzed
data of 76 glioblastoma patients (30f, mean age 57.4
+11.6 years) operated at our institution between 2009 and
2012. Patients were only included if GTR was achieved as
judged by early postoperative high-field MRI. Intraoperative
technical resection control modalities comprised intraopera-
tive ultrasound (ioUS, n=48), intraoperative low-field MRI
(iIoMRI, n=22), and a control group without either modality
(n=11). The primary endpoint of our study was OS, and the
secondary endpoint was PFS—both analyzed in Kaplan-
Meier plots and Cox proportional hazards models. Median
OS in all 76 glioblastoma patients after GTR was 20.4 months
(95 % confidence interval (CI) 18.5-29.0)—median OS in
patients where GTR was achieved using ioUS was prolonged
(21.9 months) compared to those without ioUS usage
(18.8 months). A multiple Cox model adjusting for age, preop
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Karnofsky performance status, tumor volume, and the use of
5-aminolevulinic acid showed a beneficial effect of 10US use,
and the estimated hazard ratio was 0.63 (95 % CI 0.31-1.2,
p=0.18) in favor of ioUS, however not reaching statistical
significance. A similar effect was found for PFS (hazard ratio
0.59, p=0.072). GTR of glioblastoma performed with ioUS
guidance was associated with prolonged OS and PFS. IoUS
should be compared to other resection control devices in larg-
er patient cohorts.

Keywords Glioblastoma - Intraoperative magnetic resonance
imaging - ioMRI - Intraoperative ultrasound - ioUS - Survival

Introduction

With an incidence of 2-3/100,000 people per year in Europe
and the USA (www.cbtrus.org), glioblastoma is the most
frequent and malignant primary brain tumor in adults [17].
Due to the infiltrative nature of this disease, surgery fails to
remove the entire tumor cell population, and despite a
postoperative combination of radiotherapy and
chemotherapy, overall survival (OS) is poor with a median
OS of 14.6 months [30, 31].

Regarding surgery for malignant brain tumors, gross total
resection (GTR) is associated with longer survival than sub-
total resection or biopsy [1, 13, 16, 18, 23, 29, 35, 36]. One of
the main challenges in achieving the largest extent of resection
(EOR) without causing damage to the surrounding functional
brain parenchyma is the distinction between tumor and normal
brain. This distinction is especially difficult in primary brain
tumors, which often show a diffuse growth pattern resulting in
a transitional zone at the tumor margins where malignant and
normal cells are intermingled. Much effort has been invested
in the development of technologies that might improve EOR

@ Springer


http://www.cbtrus.org/
http://dx.doi.org/10.1007/s10143-015-0698-z
http://crossmark.crossref.org/dialog/?doi=10.1007/s10143-015-0698-z&domain=pdf

402

Neurosurg Rev (2016) 39:401-409

and that might help to distinguish tumor from normal brain. In
daily practice, neuronavigation, intraoperative magnetic reso-
nance imaging (ioMRI), intraoperative ultrasound (ioUS), in-
traoperative computed tomography (ioCT), and 5-
aminolevulinic acid (5-ALA) are the most frequently used
ones.

This study includes only patients who had microsurgical
GTR (GTR; here defined by no residual nodular contrast en-
hancement in the early postoperative MRI within 72 h). This
study does not aim to analyze the impact of intraoperative
resection control modalities on EOR. We investigate whether
OS and progression-free survival (PFS) in these patients might
depend on the intraoperative imaging modality used to
achieve GTR.

Patients and methods

Medical charts of patients with primary glioblastoma operated
at our institution between the years 2009 and 2012 were
reviewed retrospectively. According to federal regulations,
no written informed consent was required for this study. A
waiver was obtained from the local ethics committee (KEK-
StV-Nr. 27/14). We included data of patients with GTR of
these lesions as evaluated by an independent neuroradiologist
in the early postoperative MRI, defined as cerebral MRI with
contrast within 72 h after surgery. We excluded patients with
residual tumor (defined by residual nodular contrast enhance-
ment) in the early postoperative magnetic resonance imaging
(MRYI), as well as patients followed for less than 6 months. The
primary endpoint of this study was OS depending on which
intraoperative resection device was used, and the secondary
endpoint was PFS as defined by radiographic recurrence. In-
traoperative technical resection control modalities comprised
i0oUS and ioMRI and a group of patients without intraoperative
resection control (only neuronavigation, which was used in all
cases). We used a small-range high-frequency (7-15 MHz)
ioUS probe (L15-7 probe iU22 Ultrasound Systems, Philips,
Bothell, USA) as shown in our previous publications [7, 26] as
well as in an illustrative case (Fig. 1) and a low-field ioMRI,
PoleStar N-20 0.15 T (until 09/2010) and N-30 0.15 T (after
09/2010; both Medtronic, Louisville, USA). In addition, we
assessed whether 5-ALA (Gliolan®, medac Hamburg, Germa-
ny) was used. Tumor volume was calculated using measure-
ments of the contrast-enhancing rim on gadolinium-enhanced
T1-weighted MR images and applying the formula: tumor
volume=4/3 « p  1/2x % 1/2y % 1/2z), where x, y, and z are
the maximum diameters within the three axes.

Statistical analysis

Descriptive statistics were used to present continuous vari-
ables as mean with standard deviation and categorical
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variables as counts and percentages of total. OS and PFS are
presented as median and 95 % confidence interval (CI). Con-
tinuous variables were compared between groups using the
Mann-Whitney test, and categorical variables were compared
using the Fisher’s exact test.

The primary endpoint OS was first addressed graphically
using Kaplan-Meier plots. To quantify the effect of the intra-
operative imaging device (ultrasound versus no ultrasound)
on survival, we fitted a multiple Cox proportional hazards
model. The association between the imaging device and the
outcome was adjusted for the effect of the potential con-
founders age, 5-ALA, tumor volume, and preoperative
Karnofsky performance status. After fitting this model to the
full dataset, we performed additional subgroup analyses with-
in the patients with glioblastoma.

The level of statistical significance was set at 5 %. Statisti-
cal analyses were performed using SPSS 20 (IBM, Chicago,
IL, USA) and R (R Core Team (2013). R: a language and
environment for statistical computing. R Foundation for Sta-
tistical Computing, Vienna, Austria. URL http://www.R-

project.org/).

Results
Patients

We included data of 76 glioblastoma patients (30 females
[39.5 %], 46 males [60.5 %], mean age 57.4+11.6 years) with
GTR and adequate follow-up. The mean follow-up time was
623.8+346 days. 5S-ALA was used in 19 (25 %) glioblastoma
cases. Intraoperative technical resection control modalities
comprised ioUS (n=48), ioMRI (n=22), and a control group
without either modality (n=11). In five cases, both ioUS and
ioMRI were used. Basic patient characteristics are shown in
Table 1. The overlap of different technical resection devices
and 5-ALA is shown in a VENN diagram (supplementary
Fig. S1).

Primary endpoint—OS

OS is illustrated in a graphical approach using Kaplan-Meier
plots for all patients (n=76) as depicted in Fig. 2a. When
looking at the use of intraoperative resection control devices
(Fig. 2b), OS was longer in patients with ioUS (either ioUS
alone or ioUS in combination with ioMRI). Thus, in further
graphical and statistical analyses, we focused on the compar-
ison between patients that had GTR with ioUS compared to
those without ioUS. Median OS for all patients (n=76) was
20.4 months (95 % CI 18.5-29.0) as depicted in Fig. 2a. In
the group of glioblastoma patients with ioUS (n=48), median
OS was 21.9 months (95 % CI 18.5-33.1)—30 patients died
during follow-up (see Fig. 3a). In contrast to that, median OS
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Fig. 1 Intraoperative ultrasound
imaging in an illustrative case. a,
b Preoperative T1-weighted
gadolinium-enhanced magnetic
resonance (MR) images show a
ring-enhancing parietal mass. ¢
Transdural intraoperative
ultrasound (ioUS) imaging before
the resection in a coronary plane
shows the lesion to be
homogenously hyperechogenic,
even in MR-hypointense, non-
enhancing areas. d, e
Postoperative T1-weighted
gadolinium-enhanced MR images
and a corresponding postresection
ioUS surface scan (f) in a
coronary plane. g, e Intracavital
ioUS scanning of the resection
cavity shows a complete resection

in those patients without ioUS (n=28) was 18.8 months
(95 % CI 15.8-NA) and 20 patients died (see Table 2). After
fitting the Cox proportional hazards model to all patients,
adjusting for age, preoperative KPS, tumor volume, and 5-
ALA, we found a lower hazard for “death” in the group of
glioblastoma patients with ioUS (hazard ratio=0.62; 95 % CI
0.32-1.24; p=0.180), however not statistically significant
(see Table 3).

Secondary endpoint—PFS

Prolonged PFS was seen for the ioUS cohort as depicted in a
graphical approach (Fig. 3b). Median PFS in the ioUS group
was 7.1 months (95 % CI 5.6-11.7 months) compared to
patients operated without the use of ioUS (median PFS
3.4 months; 95 % CI 3.4-11.2 months; see Table 2). The
estimated hazards ratio for ioUS versus no ioUS was 0.59

Table 1 Basic patient

characteristics All ioUS w/o ioUS p value
n 76 48 28
Sex (m/f) 46/30 30/18 16/12 0.808°
Age (years) 57.4+11.6 58.0+12.6 56.5+9.6 0.447°
Tumor volume (mm’) 47,534 50,822 42,016 0.540¢
Cortex-to-core distance (mm) 22.6+8.9 23.1+8.8 22.0+9.3 0.418¢
Preop KPS (%)* 80 (70-87.5) 80 (70-80) 80 (70-90) 0.090°
3m postop KPS (%)* 80 (70-90) 80 (60-90) 80 (70-90) 0.541°
Surgery duration (h) 3715 3.6+1.5 41+13 0.065¢

ioUS intraoperative ultrasound, w/o without, KPS Karnofsky performance status

 Preoperative Karnofsky performance status scale as median (interquartile range)

Y Fisher’s exact test
¢ Mann-Whitney U test
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Fig. 2 Kaplan-Meier plots showing overall survival (OS) (a) and progression-free survival (PFS) (¢) in all glioblastoma patients (» = 76) including the
95 % confidence intervals (dashed lines). OS (b) and PFS (d) of all patients depending on the intraoperative resection control device used

(95 % CI1 0.33-1.05; p=0.072) when adjusting for the set of
confounders (see Table 3).

Additional analyses

We performed additional analyses in order to assess
whether the more favorable results regarding OS and
PFS in glioblastoma patients operated with ioUS com-
pared to glioblastoma patients operated without ioUS are
explained by different preoperative tumor volumes or due
to different postoperative treatment (chemotherapy and/or
radiation). Mean preoperative tumor volume within the
ioUS group (n=48) was 50,822 mm’ (interquartile
range (IQR), 7789-81,325 mm?), and mean tumor volume
in glioblastoma patients operated without ioUS
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(n=28) was 42,016 mm> (IQR, 14,700-56,089 mm?).
There was no statistical significant difference
between both groups (p=0.540; Mann-Whitney U test).
In addition, we looked at the postoperative treatment mo-
dalities following microsurgical complete resection in the
glioblastoma group (shown in Table 4). Both, the ioUS
group and the group of patients without ioUS had a sim-
ilar distribution of treatment modalities with a rate of
83 % and 82 % of patients treated with a combined reg-
imen (any chemotherapy at any time point during disease
course and radiotherapy). There was no significant statis-
tical difference between the ioUS group and the non-ioUS
group regarding this distribution (p=0.852; two-sided
Fisher’s exact test). Also, the groups did not differ regard-
ing the rate of patients that received standard therapy
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Fig. 3 Kaplan-Meier plots showing overall survival (OS) (a) and progression-free survival (PFS) (b) comparing the intraoperative ultrasound (ioUS)

group and the group operated without ioUS

(radiotherapy plus concomitant and adjuvant temozolo-
mide) as first-line treatment (p=0.306, chi-squared test;
see Table 4) nor regarding cumulative radiation doses
(»p=0.546, Mann-Whitney U test).

We also looked at the distribution of the molecular markers
isocitrate dehydrogenase (IDH1) R132H mutation and O(6)-
methylguanine-DNA methyltransferase (MGMT) promoter
methylation. IDH1 R132H mutation status was assessed in
41 patients, and none of the tested individuals was found to
carry the R132H point mutation—as expected in primary glio-
blastoma. MGMT promotor methylation status was assessed
in 52 patients. In 11/52 patients, the MGMT promotor was
methylated (nine patients in the ioUS group and two patients
in the non-ioUS group). The difference between the groups
regarding MGMT methylation status was not statistically sig-
nificant (p=0.431; two-sided Fisher’s exact test) (see also
Table 4).

Table 2 Primary and secondary end points

Devices n Events Median 95 % CI
(months) (months)

(ON
Overall 76 50 20.4 18.5-29.0
ioUS 48 30 21.9 18.5-33.1
w/o ioUS 28 20 18.8 15.8-NA

PFS
Overall 76 71 6.2 3.7-10.7
ioUS 48 45 7.1 5.6-11.7
w/o ioUS 28 26 34 34-112

CI confidence interval, OS overall survival, ioUS intraoperative ultra-
sound, w/o without, PF'S progression-free survival

Discussion
Primary endpoint

In this study, OS and PFS were longer in glioblastoma patients
that had a GTR using ioUS compared to those patients without
ioUS. In a Cox model, this difference did not reach statistical
significance. However, a trend toward a benefit of ioUS use
can be seen, especially concerning PFS. Regarding glioblas-
toma, it is known that the tumor burden goes well beyond the
contrast-enhancing part seen on MRI. Recent positron emis-
sion tomography (PET) studies showed that glioblastoma tu-
mor volume is usually greater when assessed with PET

Table3  Results of the Cox proportional hazards model for OS and PFS

Variable HR 95 % CI p value
(ON)
ioUS 0.63 0.31-1.24 0.18
5-ALA 0.71 0.33-1.48 0.35
Log (volume) 1.06 0.84-1.32 0.64
Age 1.03 1.0-1.06 0.03
KPS (preop) 0.75 0.84-1.32 0.80
PFS
ioUS 0.59 0.33-1.05 0.07
5-ALA 0.58 0.31-1.06 0.08
Log (volume) 1.10 0.89-1.35 0.37
Age 1.01 0.99-1.04 0.15
KPS (preop) 1.57 0.21-1.35 0.66

OS overall survival, PFS progression-free survival, HR hazard ratio, C/
confidence interval, ioUS intraoperative ultrasound, 5-ALA 5-
aminolevulinic acid, w/o without, KPS Karnofsky performance status
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Table 4 Distribution of initial

postoperative treatment Postop treatment ioUS No ioUS Total p value
modalities (chemotherapy, (n=48) (n=28) (n=176)
radiotherapy, combined radio- None 0 1 1
chemotherapy) after Chemotherapy alone 3 2 5
microsurgical glioblastoma Radiotherapy alone 5 2 7
complete resection RT and chemotherapy® 40 23 63 0.852°
= Standard therapy (RT with concomitant 32 22 54 0.306°
and adjuvant TMZ)
Cumulative radiation dose in Gray [mean(range)] ~ 55.8 (39-60)  57.6 (35-60)  56.4 (35-60)  0.546"
MGMT status
Methylated 9 2 11
Not methylated 15 9 24
Unknown 24 17 41 0431°

ioUS intraoperative ultrasound, RT radiotherapy, 7MZ temozolomide

# Any chemotherapy at any time during disease course

® Two-sided Fisher’s exact test
¢ Two-sided chi-square test
4 Mann-Whitney U test

compared to gadolinium-enhanced MRI [2, 10, 11]. By con-
vention, the EOR in glioblastoma is calculated by defining all
contrast-enhancing tumor volume as 100 %. Of course, even
removing all contrast-enhancing tumor parts (100 % by con-
ventional definition) does not mean that all tumor cells have
been removed. None-enhancing parts at the border zones fre-
quently remain. These non-enhancing tumor parts are not de-
tected using standard gadolinium-enhanced ioMRI sequences
since io0MRI resection control is classically based on contrast
enhancement alone. On the contrary, it is well known that low-
grade gliomas (usually non-enhancing lesions) are well delin-
eated with ioUS [14]. In fact, we propose that glioblastoma
resections with ioUS go beyond the contrast-enhancing parts,
enabling a more complete removal of the tumor (supratotal
resection), which is one of the possible reasons for the effects
of 10US on OS and PFS that we observed. The same effect,
fluorescence beyond MRI contrast enhancement was recently
shown for 5-ALA [24].

Intraoperative resection control devices

IoMRI was introduced in the late 1990s starting with a 0.5-
T low-field “double-doughnut system” [4]. High-field
ioMRI (1.5-3.0 T) was started later—the choice between
the two setups is usually a tradeoff between image quality
and integration into the clinical workflow as well as costs
[12]. In our series, an intraoperative low-field system was
used as described in detail above and published previously
[3, 5]. In a randomized controlled trial by Senft et al.
assessing the role of ioMRI in brain tumor surgery, a total
of 58 patients were included and 29 patients (22 glioblas-
tomas) were randomly allocated to the intraoperative ultra-
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low-field MRI group (same ioMRI system that was used in
this study) [25]. Patients operated with ioMRI had longer
PFS (226 vs. 154 days), but this difference did not reach
statistical significance (p=0.083). It is difficult to compare
studies like this to our own results, since we purposely
included only patients with complete resections and since
we mainly focused on OS instead of PFS. When looking at
EOR, it has to be taken into account that ioMRI has a huge
intrinsic advantage over all other guidance modalities: It is
the very same modality that is used to evaluate EOR post-
operatively (usually high-field early postoperative MRI).
However, it is questionable whether this judgment (contrast
enhancement on MRI) is a fair estimate of glioblastoma
tumor burden, since it is well known that non-enhancing
tumor zones are present in addition to the contrast-
enhancing core [34].

5-ALA is a precursor in the biosynthesis of heme that ac-
cumulates in malignant gliomas. It carries fluorescent proper-
ties that make tumor tissue better visible to the surgeon when
using a specially modified microscope [27]. In our series, 5-
ALA and ioUS had similar effects on OS and PFS. However,
our 5-ALA group was very small (= 19) and we did not look
at all glioblastoma cases up-front, but only at those who had
GTR. Moreover, the phase III randomized controlled trial by
Stummer et al. (2006) found a difference in PFS, but not for
OS which is in accordance to our results [28]. Since 5-ALA
fluorescence is based on metabolic effects rather than blood-
brain barrier breakdown (as in gadolinium-enhanced ioMRI),
using 5-ALA certainly adds additional information and, like
i0US, has the advantage of real-time and low-cost imaging.
However, ioUS might be especially useful in glioblastoma
patients with no active 5-ALA fluorescence.
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IoUS is a rather old technology introduced in the 1960s that
was not used frequently over a long period of time due to
suboptimal image quality. However, in recent years, ioUS
had a comeback mainly because of technical improvements
(reduced probe size, improved resolution with high-frequency
probes, and the option of 3D imaging) [6, 26, 33]. In brain
tumor surgery, ioUS has been shown to be especially helpful
in surgery for cystic gliomas [9]. In addition, ioUS can be
combined with neuronavigation resulting in improved orien-
tation [15, 19] and it can add valuable information on the
vasculature during tumor surgery [21, 32]. The data on ioUS
in glioblastoma surgery is still very limited. Coburger et al.
recently compared navigated high-resolution linear array in-
traoperative ultrasound (lioUS) to conventional intraoperative
ultrasound (cioUS) in a prospective cohort of 15 glioblastoma
patients and 44 resection sites. LioUS (L15-7 probe that was
also used in this study) detected residual tumor after micro-
surgical complete resection in all cases and in 33 of 44 sites
(75 %). Histopathology workup revealed solid tumor in 66 %
and infiltration zone in 34 % of the cases—there were no
false-positive or false-negative findings [8]. A group from
Trondheim could show that survival after glioblastoma sur-
gery significantly improved within the same period that ultra-
sound and neuronavigation were introduced in their depart-
ment [22]. However, this was just a pure observation without
any detailed analyses. This is the first analysis that looks at the
influence of ioUS on OS and PFS in glioblastoma. Advan-
tages of ioUS over ioMRI are obviously low costs as well as
the fact that images can be obtained repeatedly and fast,
whereas i0MRI is usually obtained once at the end of the
resection because of the time delay.

Neuronavigation was used in all cases of our series. It can-
not incorporate intraoperative anatomic changes (e.g., brain
shift), for it does not provide real-time information [20]. How-
ever, it should be evaluated whether navigated ioUS with pre-
operative or intraoperative MRI images leads to improve-
ments in both EOR and safety as well as patient outcome,
especially when used by surgeons without long-standing ex-
perience with ioUS.

Limitations

We are fully aware of some limitations that are associated with
the retrospective design of this study and with the limited
number of patients. Since in some patients, more than one
resection control modality was used and since subgroups are
rather small, it is impossible to study the effect of each device.
However, the main analysis looking at ioUS usage is based on
two clearly separated groups without any overlap. Due to the
retrospective design, it is not possible to judge post hoc wheth-
er GTR was intended by the surgeon. Therefore, the intraop-
erative resection control devices cannot be linked to EOR or to
survival in general. However, this information is not necessary

with regard to our research question (Is the outcome of pa-
tients who had GTR dependent on the intraoperative resection
device used?). It is also possible that there might be a bias due
to the personal preferences of each surgeon. For instance, it
might be possible that one surgeon preferred ioMRI, whereas
another surgeon chose ioUS more frequently. One could argue
that intraoperative high-frequency ultrasound is preferentially
used for superficial lesions since higher frequency leads usu-
ally to enhanced axial resolution at the expense of tissue pen-
etration. However, the distance between the core of the lesion
and the closest cortical surface was comparable between both
groups (see Table 1). In addition, in our institution, high-
frequency ioUS is routinely used for deep lesions. Due to
the reduction of probe sizes in recent years, ioUS probes can
be introduced into the resection cavity as described by Serra
et al. (2012). Thus, the ioUS cohort is not a selection of su-
perficial supposedly more favorable cases.

Conclusion

Glioblastoma patients who had GTR have prolonged OS and
PFS if ioUS was used. Larger studies (ideally multicenter and
randomized) should compare ioMRI to ioUS and confirm
these findings with greater statistical power. At this point,
routine experienced use of ioUS in microsurgical resections
of glioblastomas is recommended. Experienced use of modern
ioUS remains a competitive intraoperative imaging device in
glioblastoma surgery.
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Comments

Miguel A. Arraez, Malaga, Spain

The article from Dr. M. Neidert and co-workers “Influence of intra-
operative resection control modalities on survival following gross total
resection of glioblastoma” deserves interest. It is clear that the current
aspects of glioma surgery are presided by the interest about impact of
radical resection on survival and also about which intraoperative technol-
ogies can be able to achieve the following goal: maximal resection with-
out increased morbidity. The majority of the recent published articles are
referred to the use of intraoperative MRI and 5-ALA. No much attention
has been paid to the use of intraoperative ultrasonography as a tool to
safely increase resection and survival. It is interesting the conclusion of
the authors stating that the use of ultrasonography associated or not to

intraoperative MRI increases survival and also quality of life according to
the KPS. The increased resection leading to prolonged survival has been
recently linked to the resection not only of the uptaking ring of contrast
but also to the resection of T2 abnormal MRI signal and also to the pinky
(non-intense) 5-ALA fluorescent peripheral area of the tumor. This could
be the explanation about how ultrasonography could improve survival:
identifying and enabling the resection of the peripheral non-contrast-
enhanced infiltrating tumor. Regarding the safety of the technique, we
consider a potential limitation what in our modest experience is a draw-
back for ultrasonography: the difficulty to define the margin of the tumor
(even more, if we deal with the infiltrating non-contrast component). I do
agree with the authors about the need of further studies with a larger series
of patients in order to clarify the usefulness of intraoperative ultrasonog-
raphy as surgical adjunct to improved tumor resection and survival in
glioma surgery.

Jan Regelsberger, Hamburg, Germany

The paper by Neidert et al. presents an interesting topic with the
influence of different intraoperative imaging tools on survival on primary
glioblastomas. The study was designed whether OS and PFS might de-
pend on the intraoperative techniques achieving GTR which was con-
firmed by post-op MRI serving as the main inclusion criteria. Glioblas-
toma resected by ioUS turned out to be associated with prolonged OS and
PFS.

Intraoperative ultrasound (ioUS) has been focused in many studies but
has been less noticed in times of 5-ALA which is serving at present as the
gold standard achieving GTR and thus improving overall survival in
GBM patients. Outstanding technical developments have been made in
the sonographic field, not aiming for neurosurgical purposes but finally
convincing the need to reevaluate the power of ioUS. This has been done
by Neidert et al. where IOUS turned out to be superior to intraoperative
MRI (ioMR) where non-enhancing tumor parts are well delineated
sonographically and ultrasound-guided resection goes beyond the con-
trast-enhancing parts which is shown by extended OS and PFS. There-
fore, intraoperative sonography should be noticed as an important tool
especially in those GBM patients without 5-ALA enhancement.

One may not forget that technical limitations are still obvious where
tumor infiltration zones cannot be distinguished from edema, low-grade
tumor portions, or irregularities according to the surgical manipulation. In
addition, one may assume that this is a retrospective and small series
including a certain overlap between the groups where statistical analyses
were used to separate ioUS patients from those without. After all, it is still
left unanswered if any combination of these three techniques (ioUS vs.
ioMRI vs. 5-ALA) is superior to a single intraoperative modality.

As intraoperative imaging tools (and standardized radiochemotherapy
in primary GBM) have improved the clinical course of these patients,
neurophysiological monitoring is introduced to improve the functional
results but may contradict our efforts for GTR where surgical resection
may be stopped early when residual tumor is still visible and reduced
potentials admonish to go further. In this light, “better seeing” by using
ioUS is a great (and especially less expensive technique compared to
MRI) advantage which is worthwhile to be further investigated and
advertised.
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